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Abstract 
Urinary exosomes are nano-sized extracellular vesicles which are released into the urine during the 

physiological and pathological conditions. Exosomes contain protein, mRNA and microRNA representative of 

their cell type of origin and their concentration may vary according to the biochemical state of the individual 

animal.  Isolation and characterization of exosomes are necessary before urinary exosome biomarkers can be 

found. For the first time, a polyethylene glycol (PEG)- based precipitation method was standardized for the 

isolation of exosomes from the urine of buffaloes at the estrus phase. The isolated urinary exosomes were 

characterized by transmission electron microscopy which revealed the vesicles are of less than 100nm size and 

had the property to co-precipitate. Upon isolation of total RNA and protein from these urinary exosomes by trizol 

method, sufficient RNA and protein yield was obtained. More intense protein bands were obtained on sodium 

dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) from urinary exosomes isolated by the PEG 

precipitation when compared to the ultracentrifugation method. As a result, our PEG precipitation method 

provides a rapid, scalable, and efficient substitute for the ultracentrifugation method in the process of isolating 

exosomes from buffalo urine. The use of urinary exosomes isolated by this PEG precipitation method for 

proteomic and transcriptomic studies needs further validation such that the present study can aid in biomarker 

studies. 
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Introduction 
Exosomes are approximately 30 to 150 nm sized extracellular vesicles (EVs) that are secreted by cells 

of renal and urogenital tract epithelium.  According to the International Society for Extracellular Vesicles (ISEV) 

established in the year 2011, “EVs are non-replicative spherical particles naturally released from the cell into the 

extracellular space and are delimited by a lipid bilayer”. During both normal and pathological situations, several 

cell types release their cargo into the extracellular space, which is indicative of the EVs' cellular origin (Cossetti 

et al., 2014). Numerous biological fluids, including blood, milk, saliva, amniotic fluid, urine, cerebrospinal fluid 

(CSF), semen, breast milk, and malignant ascites, have been found to contain EVs (Lasser et al., 2011). 

Based on the current state of knowledge of their biogenesis, EVs are broadly classified into three subtypes 

as exosomes, ectosomes and apoptotic bodies (ABs) (Kalra et al., 2016). Among the EV subtypes, exosomes have 

been and are extensively studied. Intraluminal vesicles (ILVs) called exosomes start in the endosomal 

compartment. ILVs are formed by inward budding of the early endosomal membrane, sequestering proteins, lipids, 

and cytosol, to degrade, recycle or exocytose their content. Early endosomes then mature into late endosomes and 

the accumulation of multitude of ILVs leads to the formation of multi vesicular bodies (MVBs), which fuse with 

the plasma membrane to release the exosomes into the extracellular space (Juan and Furthauer, 2015).   

Urine is a non-invasive source of biological fluid and reflects the physiological status of the mammals 

(Bathla et al., 2015). Though the protein concentration in normal urine is usually very low, the interest in using 

urine for diagnostic applications is increasing rapidly due to its simple and non-invasive collection compared to 

other biological fluids. Urinary exosomes carry cell-related proteins, DNA, mRNA, miRNA, lipids involved in 

cell communication, cell migration, angiogenesis, and immune regulation (Erdbrugger and Le, 2015). Very few 

studies have been reported on the buffalo urinary proteome/urinary exosome proteome and small RNA as a 

potential source for biomarker discovery in physiological phases like estrus period and pregnancy (Srinivasan et 

al., 2020; Hebbar et al., 2021).  

There are several methods to isolate urinary exosomes (He et al., 2019). Though, Ultracentrifugation 

(UC) remains the gold standard for EV isolation from various biological fluids, the technique itself requires skilled 

personnel and is time-consuming. Therefore, the aim of the present study was to standardize a polyethylene glycol 

(PEG) based precipitation method for the isolation of urinary exosomes from buffaloes and their characterization 

by transmission electron microscopy (TEM). 

 

Materials and Methods 
Collection of urine samples  

Mid-stream urine samples were collected from healthy cycling Murrah buffaloes at the estrus phase. The 

urine samples were strained through a muslin cloth and transported to the laboratory in cold chain. The samples 

were then stored at -80° C until further analysis by adding phenyl methyl sulfonyl fluoride (PMSF) as a 

preservative at 0.01%. 
 

Isolation of Urinary Exosomes by Polyethylene glycol Precipitation 

Several PEG-based exosome isolation techniques that were published were referred, (Shin et al., 2015; 

Konoshenko et al., 2018; Lv et al., 2018) and the proportion of PEG that should be utilized to precipitate exosomes 

from buffalo urine was standardized as explained below. 

Thawed urine samples (30ml) were centrifuged at 3000g for 10min at 4℃. The supernatant was collected 

into a new 50ml falcon and 12.5ml of 24% PEG (PEG 6000 from Hi Media) solution made in 375 mM NaCl was 

added. The mixture was vigorously mixed and incubated in a cold chamber at 4°C for the entire night. The solution 

was then transferred to Oakridge tubes, centrifuged at 4000g for one hour at 4℃ (KUBOTA, High Speed 

Refrigerated Centrifuge 6500). The resultant pellet was resuspended in 100µl of DEPC Rx PBS and stored at -

80℃ until further use. 
 

Characterization of urinary exosomes by TEM  

The urinary exosomes isolated by the above-described PEG precipitation method and resuspended in 

DEPC Rx PBS were thawed on ice and a drop of exosome suspension was added to carbon coated grids and 

allowed for attachment for 1min. Then negative staining was done to visualize the exosomes, as per the procedure 

described by Rikkert et al. (2019) with slight modifications, by adding carefully three drops of 1% uranyl acetate. 

The first drop (1% uranyl acetate) was allowed for 10 sec and then blotted on air using Whatman filter paper No.1. 

The second drop was allowed for 10 sec and then blotted on air using Whatman filter paper No.1. The third drop 

was allowed for 30 sec and then blotted by just touching the periphery of the grid using Whatman filter paper 

No.1. After that, the coated grid was left to dry for five to ten minutes.  The grid was then placed onto the holder 

carefully by using a forceps. The holder was then inserted into TEM (Talos L120C, ThermoScientific, Electron 

Microscopy Facility, Division of Biological sciences, Indian Institute of Science, Bangalore) and imaged using 

200nm filter. The exosomes' dimensions and morphology were noted. 
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Isolation of total RNA from urinary exosomes by using Trizol  

Total RNA from urinary exosomes isolated by the above method and characterized by TEM was carried 

by Trizol method as per Manasa et al.  (2020) with minor modifications. The exosome suspensions were thawed 

on ice and 1ml Trizol reagent was added to the samples. Using a 1ml Tuberculin syringe the exosome suspension 

was dissolved and gently disrupted in Trizol to release the RNA and contents out of the membrane vesicles. After 

10 minutes of incubation at room temperature (RT), the mixture was spun for five minutes at 12,000 rpm. 200µl 

of chloroform was added to the supernatant and stirred for 15 seconds. The bottommost pinkish protein layer, a 

whitish interphase holding the DNA, and the upper aqueous phase carrying the RNA were the three phases that 

emerged from centrifuging the suspension at 14000 rpm for 15 minutes at 4°C after it had been incubated at room 

temperature for two to three minutes. The upper aqueous phase was taken in a fresh Eppendorf tube and 500 µl 

of 100% isopropanol was added, incubated at RT for 10 min. The mixture was spun at 12000 rpm for 10 min at 

4°C. To the pellet 1 ml of 75% ethanol was added and spun at 7500 rpm for 5min at 4°C. The alcohol was discarded 

and air dried for 10-30 min. The RNA pellet was then resuspended in 20-50 µl of DEPC Rx water. 
 

Estimating the concentration and purity of RNA from urinary exosomes 

The concentration and purity of total RNA isolated from urinary exosomes by the PEG based method 

was estimated using nanodrop by measuring the absorbance at 260nm and absorbance ratio of 260/280nm. 
 

Isolation of protein from urinary exosomes by using Trizol, estimating the concentration of protein and 

SDS-PAGE for resolving the urinary exosome proteins 

The bottom pinkish layer obtained in the phase separation during RNA isolation was taken in an 

eppendorf tube and isopropanol (1.5 times) was added to it, mixed and incubated at RT for 10 min. The suspension 

was then centrifuged at 12,000g for 10 min at 4℃. After discarding the supernatant, the pellet was reconstituted 

in 75% ethanol and allowed to sit at room temperature for 20 minutes. The suspension was centrifuged at 7500g 

for 5 minutes at 4°C. After three iterations of the ethanol washing described above, the pellet was resuspended in 

100% ethanol for 20 minutes at room temperature. For five minutes, the mixture was centrifuged at 7000g at 4°C. 

The protein pellet obtained was dried at RT for 5 min and resuspended in 5µl of PBS and equal volume 

of Laemmli lysis buffer (Van Deun et al., 2014) was added. According to Van Deun et al. (2014), the urine 

exosomal proteins (60µg) were resolved on 12% sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

(SDS-PAGE) and stained with Coomassie blue after the protein concentration was estimated using the Bradford 

assay (Bio-Rad). 

Results  
The morphology and the size of urinary exosomes isolated from buffaloes at estrus phase by PEG based 

method and characterized by TEM is shown in figure 1 (1A, 1B and 1C). In all the Figs (1A to 1C), there is a bar 

indicating size in nm to aid in estimating the diameter of the vesicles focused in the particular field/figure. All the 

figures show negatively stained urinary vesicles ranging from 50-100nm in diameter.  

The average concentration of total RNA (n=3) isolated from urinary exosomes at estrus phase by the 

PEG based method was 336ng/µl and the purity (Absorbance ratio at 260/280nm) was 1.78. The average 

concentration of protein from urinary exosomes (n=3) was found to be 0.9mg/ml. The protein bands of urinary 

exosomes resolved on SDS-PAGE and stained with Coomassie brilliant blue (CBB) is shown in figure 2.  The 

proteins predominantly identified on SDS-PAGE by CBB staining in urinary exosomes isolated by PEG based 

method were having molecular weights between 180 to 115 KDa. Distinct protein bands were also identified at 

around 100KDa and 50 KDa. While distinct protein bands were not detected at around 50 KDa and between 180 

to 115 KDa in urinary exosomes isolated by ultracentrifugation.  

 

Discussion 
As per our knowledge, this is the first report describing the morphology of urinary exosomes from 

buffaloes at estrus phase.  According to Neerukonda et al. (2020), PEG may have contributed to the exosome co-

precipitation seen in Fig. 1C. However, the present study has the limitation of describing the presence of exosome 

markers by immunostaining, nanoparticle tracking analysis (NTA) (Street et al., 2017) or western blot for exosome 

associated abundant proteins (Koh et al., 2017) (membrane transport and fusion (GTPases, annexins and 

flotillins); multivesicular body biogenesis (ALIX, TSG101 and clathrin); tetraspanins (CD9, CD63, CD81 and 

CD82) and heat shock proteins (HSC70 and HSP90). Nevertheless, the present protocol of standardization of PEG 

precipitation for the isolation of urinary exosomes form buffalo species provides a rapid, scalable, and efficient 

substitute for the ultracentrifugation method of isolating exosomes from buffalo urine having advantages such as 

accessibility to benchtop centrifuge, cost-effectiveness, ability to handle large sample volumes and higher 

recovery rates. 
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 Fig. 1A                                                                        Fig. 1B   

 
Fig. 1C 

Fig. 1:  1A, 1B and 1C show the exosomes found in buffalo estrus urine samples precipitated by PEG based 

method (Size of vesicles indicated in the bar down) 

 

From the urinary exosome protein bands resolved on SDS-PAGE, it is evident that PEG based method 

as described in this manuscript yielded more protein when compared to the ultracentrifugation (as shown by the 

protein bands' intensity in Fig. 2). The urinary exosomes isolated by ultracentrifugation were according to the 

procedure described by He et al. (2019) with slight modifications. The yielded protein bands in urinary exosomes 

isolated by PEG based method can be attributed to the co-precipitation. The protein pellet of urinary exosomes 

obtained in the present study can be resuspended in rehydration buffer (7M Urea, 2M Thiourea and 2% CHAPS) 

for resolving the protein bands (which can be of low abundance and not resolved on SDS-PAGE) precisely from 

various biological groups (e.g. for differentially expressed proteins in diestrus, regular estrus and silent estrus 

buffaloes) by proteomic tools like two-dimensional gel electrophoresis (2D- PAGE) (Zubiri et al., 2013) or mass 

spectrometry (MS)-based proteomic analyses (Erozenci et al., 2019).  
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Fig 2: Lane 1, 2 and 3 shows the buffalo urinary exosome protein (isolated by PEG based method followed by 

Trizol method) bands resolved on SDS-PAGE from silent estrus, diestrus and regular estrus samples respectively; 

Lane 4 shows the protein ladder (BenchMark Prestained protein ladder); Lanes 6, 8 and 10 shows the buffalo 

urinary exosome protein (isolated by ultracentrifugation followed by trizol method) from silent estrus, diestrus 

and regular estrus samples respectively. 

 
Downstream, after the characterization of exosome markers, urinary exosome proteome and 

transcriptome studies can be initiated which can have great implications for biomarker discovery (Lv et al., 2018). 

Further, the compatibility of total RNA extracted from urinary exosomes by PEG based method described in the 

present study for miRNA expression studies by Q RT-PCR can be explored in future. 

 

Conclusion 
Urinary exosomes are a promising non-invasive and easily accessible source of biological material to 

investigate biomarkers. We conclude that the PEG based precipitation method described in this manuscript is a 

simple and efficient way to isolate urinary exosomes and can be an alternative to the ultracentrifugation method 

which is labour-intensive and requires expensive equipment. Though there is a limitation in the present study that 

the urinary exosomes isolated by the PEG based precipitation method has not been validated for proteomic and 

transcriptomic studies, the yield of protein seems to be higher when compared to the ultracentrifugation method 

which can be an added advantage.  

 

Acknowledgements 

The authors are highly grateful to the Registrar, KVAFSU for the support and for providing necessary 

facilities for carrying out the research work. We also acknowledge the support extended by Indian Institute of 

Science, Bangalore. 

Conflict of Interest 

The authors declare that they have no conflict of interest.  

 

References 
1) Bathla S, Rawat P, Baithalu R, Yadav ML, Naru J, Tiwari A, Kumar S, Balhara AK, Singh S, Chaudhary S, 

Kumar R, 2015.  Profiling of urinary proteins in Karan Fries cows reveals more than 1550 proteins. 

Journal of proteomics 127:193-201. https://doi.org/10.1016/j.jprot.2015.05.026 

2) Cossetti C, Iraci N, Mercer TR, Leonardi T, Alpi E, Drago D, Alfaro-Cervello C, Saini HK, Davis MP, Schaeffer 

J, Vega B, 2014. Extracellular vesicles from neural stem cells transfer IFN-γ via Ifngr1 to activate Stat1 

signaling in target cells. Molecular cell   56(2):193-204. https://www.cell.com/molecular-

cell/fulltext/S1097-2765(14)00675-3 

3) Erdbrügger U, Le TH, 2015. Extracellular vesicles in renal diseases: more than novel biomarkers?. Journal of 

the American Society of Nephrology 27(1):12-26. DOI: 10.1681/ASN.2015010074 

4) Erozenci LA, Böttger F, Bijnsdorp IV, Jimenez CR, 2019. Urinary exosomal proteins as (pan‐) cancer 

biomarkers: insights from the proteome. FEBS letters 593(13):1580-97. https://doi.org/10.1002/1873-

3468.13487 



Manasa et al., 2026/ J. Livestock Sci. 17: 235-240 

240 
 

5) He L, Zhu D, Wang J, Wu X, 2019. A highly efficient method for isolating urinary exosomes. International 

Journal of Molecular Medicine 43(1):83-90. https://doi.org/10.3892/ijmm.2018.3944 

6) Hebbar A, Chandel R, Rani P, Onteru SK, Singh D, 2021. Urinary cell-free miR-99a-5p as a potential biomarker 

for estrus detection in buffalo. Frontiers in Veterinary Science 8:643910. 

https://doi.org/10.3389/fvets.2021.643910 

7) Juan T, Fürthauer M, 2015. The ESCRT complex: from endosomal transport to the development of multicellular 

organisms. Biologie aujourd'hui 209(1):111-24. https://doi.org/10.1051/jbio/2015009 

8) Kalra H, Drummen GP, Mathivanan S, 2016. Focus on extracellular vesicles: introducing the next small big 

thing. International journal of molecular sciences 17(2):170. https://doi.org/10.3390/ijms17020170 

9) Koh YQ, Peiris HN, Vaswani K, Meier S, Burke CR, Macdonald KA, Roche JR, Almughlliq F, Arachchige BJ, 

Reed S, Mitchell MD, 2017. Characterization of exosomes from body fluids of dairy cows. Journal of 

Animal Science 95(9):3893-904. https://doi.org/10.2527/jas.2017.1727  

10) Konoshenko MY, Lekchnov EA, Vlassov AV, Laktionov PP, 2018. Isolation of extracellular vesicles: general 

methodologies and latest trends. BioMed Research International (1):8545347. 

https://doi.org/10.1155/2018/8545347 

11) Lässer C, Seyed Alikhani V, Ekström K, Eldh M, Torregrosa Paredes P, Bossios A, Sjöstrand M, Gabrielsson 

S, Lötvall J, Valadi H, 2011. Human saliva, plasma and breast milk exosomes contain RNA: uptake by 

macrophages. Journal of Translational Medicine 9(1):1-8. https://doi.org/10.1186/1479-5876-9-9 

12) Lv CY, Ding WJ, Wang YL, Zhao ZY, Li JH, Chen Y, Lv J, 2018. A PEG-based method for the isolation of 

urinary exosomes and its application in renal fibrosis diagnostics using cargo miR-29c and miR-21 

analysis. International Urology and Nephrology 50(5):973-82. https://doi.org/10.1007/s11255-017-

1779-4 

13) Manasa V, Venkata Sai Kumar T, Prasada Rao T, 2020. Expression of Heat Shock Protein 70-1 in Peripheral 

Blood Mononuclear Cells of Jersey- Sahiwal Cross Breds during Thermal Stress. International Journal 

of Current Microbiology and Applied Sciences 9(06): 1271-1279. doi: 

https://doi.org/10.20546/ijcmas.2020.906.157 

14) Neerukonda SN, Egan NA, Patria J, Assakhi I, Tavlarides-Hontz P, Modla S, Muñoz ER, Hudson MB, Parcells 

MS, 2020. A comparison of exosome purification methods using serum of Marek's disease virus (MDV)-

vaccinated and-tumor-bearing chickens. Heliyon 6(12): e05669. 

https://www.cell.com/heliyon/fulltext/S2405-8440(20)32512-3 

15) Rikkert LG, Nieuwland R, Terstappen LW, Coumans FA, 2019. Quality of extracellular vesicle images by 

transmission electron microscopy is operator and protocol dependent. Journal of Extracellular Vesicles 

8(1):1555419. https://doi.org/10.1080/20013078.2018.1555419 

16) Shin H, Han C, Labuz JM, Kim J, Kim J, Cho S, Gho YS, Takayama S, Park J, 2015. High-yield isolation of 

extracellular vesicles using aqueous two-phase system. Scientific Reports 5(1):13103. 

https://doi.org/10.1038/srep13103 

17) Srinivasan M, Muthukumar S, Saibaba G, Manikkaraja C, Abdulkader Akbarsha M, Archunan G, 2020. 

Salivary luteinizing hormone: An open window to detect oestrous period in buffalo. Reproduction in 

Domestic Animals 55(5):647-51. https://doi.org/10.1111/rda.13649 

18) Street JM, Koritzinsky EH, Glispie DM, Yuen PS, 2017. Urine exosome isolation and characterization. InDrug 

Safety Evaluation: Methods and Protocols 413-423. New York, NY: Springer New York. 

https://doi.org/10.1007/978-1-4939-7172-5_23 

19) Van Deun J, Mestdagh P, Sormunen R, Cocquyt V, Vermaelen K, Vandesompele J, Bracke M, De Wever O, 

Hendrix A, 2014. The impact of disparate isolation methods for extracellular vesicles on downstream 

RNA profiling. Journal of Extracellular Vesicles 3(1):24858. https://doi.org/10.3402/jev.v3.24858 

20) Zubiri I, Vivanco F, Alvarez-Llamas G, 2013. Proteomic analysis of urinary exosomes in cardiovascular and 

associated kidney diseases by two-dimensional electrophoresis and LC–MS/MS. In Vascular Proteomics: 

Methods and Protocols 209-220. Totowa, NJ: Humana Press. https://doi.org/10.1007/978-1-62703-405-

0_16 

https://doi.org/10.20546/ijcmas.2020.906.157
https://doi.org/10.1007/978-1-62703-405-0_16
https://doi.org/10.1007/978-1-62703-405-0_16

